Data from several sources, including Nishimura (1970) (1964) has pointed out, using birthweight as an example, if this variation is affected by 10 genes of equal effect, only 5% of the actual variability will appear as differences in the birthweight. In Mather's own words, 'the variability mediated by a polygenic system is like an iceberg: only a small fraction of it is displayed as differences observable between individuals, by far the greater part lying hidden below the surface in the form of genetic differences between individuals who, because of the way genes balance one another's effects, do not display the full effects of those genes'. Two examples of developmental variation which produce such subtle effects will be discussed here, in relation to the cardiovascular system and to tumours. In the last eight or nine years we have been interested in the effects of changes in medial tension on the mechanical properties of the walls of arteries, examining models of hypertension and, in particular, how these properties change with altered scleroprotein content and age.
The form of the arteries of man is altered by haemodynamic stress, and early studies (Wright 1963 , Dibble 1964 ) emphasized that vessel structure may be changed by haemodynamic stress until comparatively late in life. Alteration in vessel form is more readily produced in early life, in pulmonary artery banding, for example (Berry 1969 , Stark et al. 1972 , and in hypertension in young animals vessel wall thickening is rapid (Berry & Greenwald 1976 ). The mechanical changes that accompany these changes in form are removable. Incremental strain, a measurement of the functional stiffness of a vessel at any given pressure, differs in hypertensive and normotensive animals. At a pressure of 100 mmHg, hypertensive vessels were found to be more distensible than normotensive, but at Figure I. Defects in the outer table of the bones of the skull. From a 72-year-old woman dying of ischaemic heart disease the operative systolic pressure of each group of hypertensive animals the aorta showed an incremental strain which was lower than normal but which tended towards normal values as the duration of the hypertension increased (Berry & Greenwald 1976) . From this and other findings, we consider that the morphological and biochemical changes are adaptive in 'nature and that what is preserved is a capacity of the vessel to respond to load in a consistent way. Morphological changes are necessary to keep vascular mechanical performance (relatively) constant. This concept is discussed in detail elsewhere (Greenwald & Berry 1978) , but the general concept and the way in which mechanical changes induced by lathrogens affect blood pressure ) lend support to the idea that the aortic medial smooth muscle cells can 'receive' the tangential tension exerted across them.
Haemodynamic changes in the developmental period will have a very significant effect on long-term vascular performance, as we have shown in several studies. This effect might be compared with the deleterious effects of early malnutrition on brain development (Dobbing & Sands 1970) , but with the important difference that physical factors are the determinants of development.
We wished to study this kind of effect in a condition where there was a spontaneous change in haemodynamic patterns. After looking at several 'natural' situations where changes in flow affected vessel tension, we decided to investigate the single umbilical artery syndrome (SUA). In this syndrome the greater part of the blood flow, and of course the entire blood flow to the placenta, runs through only one common iliac artery. Since there is pulsatile flow in this system and if we assume that the common iliac artery from which the umbilical artery originates has to accommodate approximately twice the volume flow, this might be accomplished by doubling the volume strain I:J.V/V (i.e. the compliance).
We studied the group of children, reported by Bryan & Kohler (1974) , who were known to have had a single umbilical artery. These children were aged 5-9 years at the time of our work. A noninvasive technique was used to measure pulse wave velocity in their arteries, a variable which is directly related to wall stiffness. Our measurements showed that there was a considerable difference in behaviour in the iliac vessels on the two sides, even though several years had passed since the time that there had been differential flow. The compliance differed on the two sides by around 1.9 times -good agreement with the estimated change necessary.
As we had previously shown that the elastic properties of the components of the arterial wall do not change with age (Berry et al. 1975) , the change was thought to be brought about by an alteration in the ratio of vessel radius to wall thickness. Since these studies we have had the opportunity of examining cases of the syndrome histologically, which confirms a change in this ratio (r/h) and shows that the structure of the wall is altered radically by the change in load in intrauterine life (Berry 1978) . More recently I have had the opportunity to study two cases of SUA diagnosed as a result of fetal autopsy by Professor T Shepard (University of Washington). The changes in vessel wall morphology are clearly visible at the 150 mm stage in man -an indication of how early vessel wall structure may be affected by flow.
These observations show that structure may be altered by changes in load in the cardiovascular system during development and that these changes will persist. From other data we can assert that arteries grow 'matched' to the stresses imposed on them in early life, and we have considered elsewhere (Berry 1978 ) the implications of this in view of the well defined tendency of children to follow blood pressure 'centiles' related to those of their parents. Children with higher blood pressures will have different arteries from those with lower levels, and the resultant changes in wall thickness may be a factor in variable susceptibility to degenerative vascular disease.
Other evidence suggests that variation in vascular structure can be potentially damaging. The number of microaneurysms in arteries supplying the basal ganglia increases with age and blood pressure in man (Cole & Yates 1967) . They are a critical contributory factor to cerebral haemorrhage. We compared 'the number of aneurysms in the basal ganglia of normotensive rats with that in the same region of animals made hypertensive at weaning (i.e, from four weeks of age). The animals were killed at 18 weeks, those with a sustained systolic pressure greater than .150 mmHg being regarded as hypertensive. This relatively short period of raised pressure increased the number of aneurysms and the tendency to have multiple lesions (Table 2) in the high blood pressure group (Lee & Berry 1978) . Here then, in the microvasculature, is further evidence that changes during development may produce a vasculature which is 'at risk' for further degenerative change.
Considering now the problem of neoplasia, there are a number of neoplasms where genetic factors are clearly involved in pathogenesis. In classifying tumour pedigrees it is usual to define those conditions with a clearly abnormal genotype (retinoblastoma), those where the tumour occurs as part of a syndrome of anomalies (naevoid basal cell carcinoma syndrome) and those where the tumour develops in only a proportion of individuals with a particular phenotype (the lymphomata associated with ataxia telangiectasia). In my view it is this last group that offers the most interesting potential area of study in the field of neoplasia, since they may enable us to determine which evidence, apart from 'altered' DNA, is critical in neoplastic change. Our view of carcinogenesis has been modified by a greater understanding of the mechanisms of DNA repair, made possible by the study of diseases such as xeroderma pigmentosum (XP) (see Berry 1981 for discussion). We know that damage to DNA may be repaired if the interval between cell divisions is sufficiently long. This repair may be affected by enzyme deficiencies (XP) or by the maintenance of cells in the undifferentiated and dividing state by promoting agents (Cohen et al. 1977 , Diamond et al. 1977 . As a result of this better understanding we have modified techniques for assessment of the reproductive safety of drugs, which now include such methods as measurement of unscheduled DNA synthesis (that is to say the demonstration of DNA repair in damaged cells which should.be resting) and of sister chromatid exchanges.
What is the general significance of diseases such as those shown in Table 3 ? In each of them a genetically determined metabolic defect produces an increase in susceptibility to an oncogen. Knowing the frequency of the homozygote, we can calculate from the Hardy-Weinberg equilibrium (see Berry & Keeling 1976 ) the heterozygote frequencies (see Table 3 ). It is clear that a very large proportion of the population is probably heterozygotic for these conditions and thus might exhibit undue sensitivity to carcinogens. This, of course, depends on there being a defect in heterozygotes that predisposes to neoplasia, an uncertain assumption in all cases. However, when we consider the eight or nine steps essential in 'simple' DNA repair, the problem of repair access to the DNA and the enigma of slow repair mechanisms, it is clear that we are now dealing with a polygenically-determined system and it is worth reconsidering the comments of Mather (1964) in this context. I believe that accurate definition of phenotypes and the characterization of biochemical defects in these syndromes may teach us a great deal about the control of DNA repair and individual susceptibility to neoplasia. Hamden (1976) lists 22 conditions of this type, excluding those of immunological deficits. Perhaps the susceptibility to certain carcinogens is, like many other biological processes, a normally distributed one. It is worth remembering that for this kind of distribution of a particular character, only 4 or more genes need to be involved in the establishment of the process. If we consider DNA repair to be central to the process of carcinogenesis, this condition is clearly satisfied, although we do not know if the effects of the gene on the process are additive, a necessary condition of this interpretation which may not be satisfied. If we were able to identify carcinogen-susceptible individuals in early life this would offer a way of reducing further that small proportion of tumours due to occupational hazards, although identification of such individuals would in tum generate its own ethical difficulties. It must be remembered that apparent resistance to carcinogens may also be dangerous; in families with multiple tumours fibroblast cultures may be resistant to irradiation damage. This merely indicates that, perhaps like blood coagulation, repair of DNA damage is a carefully modulated process, with accelerators and inhibitors, which must stay balanced within certain limits; temporal limiting factors are probably important.
These two fields of study have illustrated how changes in normal stresses during development may alter form and how the genotype itself may contribute to the pathogenesis of later disease. Injury to tissues early in life may also have its effect on disease susceptibility, although this is more difficult to define and to document. In experiments on rats, we attempted to produce an 'altered' organ -the kidney. Post-natal renal growth in man is mainly a tubular phenomenon (Fetterman et al. 1965) . We looked at the effects of tubular injury on renal growth in the rat, deliberately damaging the tubular cells with mercuric chloride after glomerulogenesis had ceased (at around 18 days). Unilateral nephrectomy was used to reduce the size of the tubular cell pool in some animals. In the rat, as in man, renal growth depends on tubular cell proliferation ) since mature nephrons can increase in size but cannot divide.
Tubular growth normally occurs at between 14 and 28 days in the rat. The response to unilateral nephrectomy at 14 days was predominantly hyperplastic in nature. In unilaterally nephrectomized rats, with the further reduction in size of the tubular cell pool produced by mercuric chloride, the pattern of tubular growth was different, with hypertrophy as the predominant response. Reduction in size of the tubular cell population was thus not invariably followed by restoration of cell numbers by hyperplasia; it could be reduced below a critical size when this no longer occurred. Where the responding cell pool has been greatly reduced, hypertrophy of cells may. 'substitute' for increased cell numbers and may be an inadequate response in functional terms.
This phenomenon may be a general one -think of Dobbing's (1981) excellent work on the growth of the brain, and the demonstration of impaired immunoreactive tissue development in undernourished children (Smythe et al. 1971 , Edelman et al. 1973 . If any severe injury during growth affects tissues in this way, we may vary more than we think -truly 'the child is father to the mari'.
A central point in any attempt to study this hypothesis properly is the need to be accurate in our delineation of phenotype; in most instances careful functional or tedious morphological studies are essential. The claims of many to have shown multigeneration effects of toxic chemicals, for example, often founder on this ground and do not appear to be reproducible.
As a gross example of casual usage of confounding science we may consider a particular 'teratoma'. The mass shown in Figure 2 was found at operation in the lateral cerebral ventricle in a six-week-old girl (now two years old, alive and well: see Afshar et al. 1982) . Many such masses have been described as teratomata. Chromosome banding studies on the mass, the girl and her parents established that this is a true form of incomplete twinning, defining a pathogenesis totally different from that of a teratoma. Misnomers of this type are unusual nowadays in the neoplastic field, but we are still very casual about our use of the terminology in genetics and malformations. We are too ready to attribute to the environment the exclusive causation of many events which have a genetic component. We. should look carefully at the way we develop and the variation we may encompass as a species. Within this variation there are many lessons for pathology.
Summary
The considerable variation in man as a species is a source of biological strength but may also result in individuals whose susceptibility to degenerative disease is enhanced. Developmental Figure 2 . Anterior view of a mass removed from the lateral ventricle of a six-week-old girl with hydrocephalus. (Reproduced from Afshar et al. 1982, by kind permission) changes which may give rise to this enhanced susceptibility are discussed for the cardiovascular system and for some aspects of neoplasia.
